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了抗性菌群。PCR-DGGE 分析结果表明，Zn、Ni、Mn、Cu、Co 和 Cr 抗性菌群
中的优势类群分别是：Halomonas 和 Paracoccus； Microbacterium 和 Alcanivorax；
Halomonas，Marinobacter 和 Georgenia；Achromobacter 和 Serratia；Halomonas
和 Idiomarina；Idiomarina 和 Bacillus。 
利用平板纯培养的方法，从上述富集菌群中分离得到了多种重金属抗性菌，
包含 16 株细菌和 8 株真菌。16S rRNA 基因测序结果表明，这些细菌分属
Salegentibacter，Dietzia，Paracoccus，Alcanivorax，Georgenia，Halomonas，
Microbacterium，Salinicola 和 Thalassospira 10 个属中的 13 个种。其中，在 Zn、
Ni、Mn 和 Co 抗性菌群中，PCR-DGGE 检测到的优势种属均获得了纯培养，它
们分别是 Halomonas；Microbacterium 和 Alcanivorax；Georgenia；Halomonas。
另外，从 Cu，Co，Zn 和 Ni 抗性菌群中分离获得真菌 8 株，ITS 基因测序结果
表明它们均为小红酵母（Rhodotorula minuta）。 
随后，我们对分离自 Zn 抗性菌群且具有较好抗性的菌株 VCZn-1 进行了研

















和 pH 8～9；其对 Zn2+的最高抗性为 27 mmol/L；原子吸收光谱测定结果表明，
该菌株 3 天内，能够促使 MA 培养基中 49±3.42%的 Zn2+沉淀。后续 Zn2+去除率
实验表明，该菌株主要的抗性机制是在稳定期产生的碱性次级代谢物，使培养基
的 pH 值增大，从而导致 Zn2+的自然沉淀。此外，该菌株对其它重金属也有较好
的抗性，如 Mn（9 mmol/L），Cu（1 mmol/L）和 Ni（1 mmol/L）。菌株 VCZn-1
基因组测序结果表明，其基因组大小约 3,709,838 bp，GC 含量为 64.04%，在其





16S rRNA 基因的 V5～V8 区进行了高通量测序。14 个样品共获得 177,364 条序
列，其中 164,784 条有效序列，每个样品平均 11,770 条序列，序列平均长度约
286 bp。Shannon 和 Chao1 指数均显示，14 个表层海水样品中微生物多样性丰富，
且样品间多样性差别不大；Unifrac 和 UPGMA 分析结果表明，14 个样品呈现按
照采样地理位置进行聚类的趋势，说明它们具有一定的生物地理分布特征。同时，
14 个样品在微生物组成上并无明显区别，古菌的优势类群为 Euryarchaeota 中的
Marine group II 和 Marine Group III；而细菌的优势类群为 Alpha 变形菌纲
Rickettsiales 目中的 SAR11 surface1 clade（9.48%～16.19%），以及 Gamma 变形
菌纲 Oceanospirillales 目中的 SAR86 clade（11.93%～18.24%）。在属水平上，14
个样品中仅有 20.9%～29.1%的序列可分类到属，其中的优势属为：Candidatus 
Portiera，Alteromonas，Pseudoalteromonas，Fluviicola，Thalassomonas，Oleibacter，
Vibrio，Hyphomonas，Alcanivorax 和 Pelagibaca 属。 
此外，利用富营养的 2216E 和寡营养的 R2A 培养基，对水样中好氧细菌进
行了分离鉴定。两种培养基共分离获得 116 株细菌，系统进化分析表明它们分属
于 Gamma-，Alpha-，Epsilonproteobacteria，Bacteroidetes，Bacilli 和 Actinobacteria

















和 Halomonas 属；Alphaproteobacteria 门占 24.14%，主要种属是 Erythrobacter，
Pseudoruegeria 和 Sulfitobacter。同时，高通量测序中检测到的 Alteromonas，
Alcanivorax，Marinobacter，Pelagibaca，Photobacterium，Pseudoalteromonas，









































This study mainly focused on the biodiversity of the heavy-metal resistant 
microorganisms in the hydrothermal sulfide of the Eastern Pacific Ocean, and the 
microbial community structures of the surface seawater across the South Mid-Atlantic 
Ridge.  
Part I 
Heavy metal pollution is thought to be the huge threat on human health and 
ecosystem. While, previous reports indicated microorganisms are able to absorb and 
eliminate heavy-metals from environments using various mechanisms. To study and 
analysis the biodiversity and resistance mechanism of the heavy-metal resistant 
bacteria, will benefit to bioremediation of the heavy-metal pollution marine 
environments. In this study, two hydrothermal vent sulfide samples (TC and VS) from 
the Eastern Pacific Ocean were separately enriched with seven kinds of heavy-metal 
(Zn
2+、Ni2+、Mn2+、Cu2+、Hg2+、Co2+ and Cr7+), and fourteen enriched consortia were 
obtained in total. PCR-DGGE results indicated that the dominant bacteria in Zn-, Ni-, 
Mn-, Cu-, Co- and Cr-enriched consortia were: Halomonas and Paracoccus; 
Microbacterium and Alcanivorax; Halomonas, Marinobacter and Georgenia; 
Achromobacter and Serratia; Halomonas and Idiomarina; Idiomarina and Bacillus, 
respectively. 
With agar plates of MA medium, a total of 16 bacteria and 8 fungi were isolated 
and identified from the fourteen consortia mentioned above. Phylogenetic analysis 
showed that these bacteria belong to 13 species within 10 genera, including 
Salegentibacter, Dietzia, Paracoccus, Alcanivorax, Georgenia, Halomonas, 
Microbacterium, Salinicola, and Thalassospira. Among them, Halomonas; 
Microbacterium and Alcanivorax; Georgenia; Halomonas were the dominant bacteria 
















respectively. In addition, eight fungi isolated from the Cu-, Co-, Zn- and Ni-enriched 
consortia were all identified as Rhodotorula minuta using the internal transcribed 
spacer (ITS) sequences.  
Moreover, a Zn-resistant bacterium named VCZn-1 was isolated from the 
Zn-enriched consortium from the VC sample. Phylogenetic analyses revealed that 
strain VCZn-1 belongs to the genus Halomonas, and its 16S rRNA gene sequence 
shared 100% similarity with the type strain Halomonas zincidurans B6
T
. Strain 
VCZn-1 can grow in 5-25% of NaCl (optimum 13%) at 4-37 °C (optimum 28 °C); 
and fit at pH 5-10 (optimum 8-9). It even can grow at 27 mmol/L Zn
2+
 in the MA 
medium. Atomic absorption spectrometric results showed that strain VCZn-1 can 
removal 49±3.42% Zn
2+
 from the medium within 3 days. The possible Zn-resistant 
mechanism is that strain VCZn-1 secreted the alkaline secondary metabolites in cell 
stable phase, as a result, Zn
2+
 was precipitated with the increase of the pH in the 
medium. In addition to Zn
2+
, strain VCZn-1 also was found to be able to resist other 
kinds of heavy-metal, such as Mn(9 mmol/L), Cu(1 mmol/L) and Ni(1 mmol/L). The 
genome sequencing results indicated that its genomic size is 370,983,8 bp with a GC 
content of 64.04%. In the genome, many heavy-metal resistant related genes were 
found, such as ATPase transporters and RND family transporter genes, which may be 
the molecular bases for the heavy-metal resistance mechanism of the strain VCZn-1. 
Part II 
To investigate the community structures of the surface seawater across the South 
Mid-Atlantic Ridge, fourteen surface seawater samples were subjected to 454 
pyrosequencing. A total of 177,364 raw reads of V5-V8 regions of the bacterial and 
archaeal 16S rRNA genes were obtained. After filtering the low-quality reads and 
chimeras, the remained 164,784 clean reads with the average length of 286 bp were 
analyzed by using the QIIME (v 1.7.0) pipeline. Shannon and Chao1 indexes showed 
that the biodiversity of these samples is quite rich and no obvious differences among 
















to their sampling geographical locations, which meant these microorganisms have the 
biogeographic characteristics. Among these communities, the microorganism 
composition showed quite similar. In detail, the dominant archaea in all samples 
belonged to the Marine group II and Marine Group III within Euryarchaeota. 
Correspondingly, the most dominant bacteria were affiliated to the SAR86 clade 
(11.93%～18.24% of total reads of one sample) of the order Oceanospirillales within 
the class Gammaproteobacteria. The second dominant bacterial group was SAR11 
surface1 clade (9.48% ～ 16.19%) of the order Rickettsiales within the class 
Alphaproteobacteria. At genus level, only 20.9%～29.1% percentage of total reads 
among the samples were assigned into the known genera. The top ten genera were 
Candidatus Portiera, Alteromonas, Pseudoalteromonas, Fluviicola, Thalassomonas, 
Oleibacter, Vibrio, Hyphomonas, Alcanivorax and Pelagibaca. 
Meanwhile, in total of 116 cultivable bacteria were isolated by using eutrophic 
2216E and oligotrophic R2A media from these fourteen surface seawater samples. 
Phylogenetic analysis indicated that they belong to 24 genera within Gamma-, Alpha-, 
Epsilonproteobacteria, Bacteroidetes, Bacilli and Actinobacteria. Among them, most 
of isolates (63.79% of total cultivable bacteria) belonged to Gammaproteobacteria 
and were affiliated to the following genera: Vibrio, Pseudoalteromonas, Alteromonas, 
Marinobacter and Halomonas. The other isolates mainly belonged to genera of 
Erythrobacter, Pseudoruegeria and Sulfitobacter within the class Alphaproteobacteria. 
Noteworthily, some genera identified by pyrosequencing, such as Alteromonas, 
Alcanivorax, Marinobacter, Pelagibaca, Photobacterium, Pseudoalteromonas, 
Tenacibaculum and Vibrio, were isolated by using the two media mentioned above.  
To sum up, this thesis analysis the biodiversity of heavy-metal resistant bacteria 
in the hydrothermal sulfide of the Eastern Pacific Ocean and the microorganism 
community structures of the surface seawater from the South Mid-Atlantic Ridge. 
Moreover, the Zn-resistant mechanism of a strain isolated from the Zn-enriched 
















the heavy-metal resistant bacteria, and help us better understanding the biodiversity of 
the surface seawaters across the South Mid-Atlantic Ridge. 
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    在 1977 年，美国的深潜器“阿尔文”号在对东太平洋加拉帕戈斯（Galapagos）
的裂谷区调查时，在 2500 m 深处的火山口周围首次发现了热液区（hydrothermal 
vents）[1]，一些深海热泉会形成圆柱形的烟囱，其主要成份是热泉中的矿物。当
超高温的热泉接触冰冷的海水时，矿物质沉淀析出变成烟囱的一部份，其中有些
高达 60 m。从烟囱涌出的热液流体温度很高（250°C ~ 400°C），但是从海底的裂
缝中扩散出来的热液温度相对较低（5°C ~ 100°C）。当热液与海水混合时，温度






1993 年，已知有超过 100 种腹足类生物聚集在深海热液区附近[4]。有超过 300
个新物种在热液喷口被发现，其中包括在地理上分开的热液喷口附近被发现的
“姐妹物种”。据报道在北美洲板块把原先的洋中脊覆盖时，在东太平洋地区曾





















图 1.1 深海热泉生物地质化学循环的循环图[7] 
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